A parametric study of so-called "super growth" of single-walled carbon nanotubes (SWNTs) was done by using combinatorial libraries of iron/aluminum oxide catalysts.
Soon after the realizations of the vertically-aligned single-walled carbon nanotube (VA-SWNT) forests 1) by alcohol chemical vapor deposition (ACCVD), 2) many groups achieved this morphology of nanotubes by several tricks in CVD conditions. [3] [4] [5] [6] Among these methods, the water-assisted method, the so-called "super growth" method, 3) realized an outstanding growth rate of a few micrometers per second, thus yielding millimeter-thick VA-SWNT forests. Despite its significant impact on the nanotube community, no other research groups have been successful in reproducing "super growth". Later, the control of the nominal thickness of Fe in the Fe/ Al 2 O 3 catalyst was shown crucial for controlling the number of walls and diameters of the nanotubes. 7) In this work, we carried out a parametric study of this growth method by using a combinatorial method that we previously developed for catalyst optimization. In some experiments, gradient-thickness profiles were formed for Fe by using the combinatorial method previously described.
9) The catalysts were set in a tubular, hot-wall CVD reactor (22-mm inner diameter and 300-mm length), heated to a target temperature (typically 1093 K), and kept at that temperature for 10 min while being exposed to 27 kPa H 2 / 75 kPa Ar at a flow rate of 500 sccm, to which H 2 O vapor was added at the same partial pressure as for the CVD condition (i.e., 0 to 0.03 kPa).
During this heat treatment, Fe formed into a nanoparticle structure with a diameter and areal density that depended on the initial Fe thickness. The effect of the catalyst supports on the nanotube growth was also studied here. Figure 2a shows normal photographs of nanotubes grown by using three types of (Fig. 2b) . Considering that alumina and its related materials catalyze hydrocarbon reforming, 10) a possible mechanism for "super growth" is proposed as follows: C 2 H 4 or its derivatives adsorb onto aluminum oxide surfaces, diffuse on the surface to be incorporated into Fe nanoparticles, and segregate as nanotubes from Fe nanoparticles. 
